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Background Some studies suggest that weight gain in childhood may increase
the risk of chronic diseases in adulthood, and recent studies have
noticed that the timing of weight gain may be related to its long-
term consequence. However, weight gain in childhood has clear
short-term benefits, and the literature on the pro and cons of
weight gain in childhood is limited.
Methods In 1982, all 5914 hospital births (over 99% of all deliveries) occur-
ring in Pelotas, Southern Brazil, were identified and studied pro-
spectively on several occasions. In 2004–05, we attempted to trace
the whole cohort and information on offspring birthweight was
collected. Conditional growth modelling was used to assess the
association between offspring birthweight and weight gain from
birth to 20 months, and from 20 to 42 months.
Results In 2004–05, we interviewed 4297 subjects, with a follow-up rate of
77.4%. This manuscript includes data from 848 women who had
already delivered a child and 525 men who were fathers at the
mean age of 23 years. Maternal birthweight, weight and length
for age Z-score at 20 months of age were positively associated
with next-generation birthweight, whereas paternal variables were
not related to the outcome. Conditional growth modelling analyses
showed that women whose weight gain in the first 20 months of
life was faster than predicted had heavier babies, whereas paternal
weight gain was not associated. The association was strongest for
mothers whose birthweight for gestational age was in the lowest
tertile.
Conclusion Maternal, but not paternal birthweight and weight gain in early
childhood are positively associated with next-generation
birthweight.
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724Introduction
Birthweight is an important determinant of child
survival.
1,2 It also has long-term consequences:
adults born with a low birthweight have lower
human capital
3 and are at increased risk of some
chronic diseases.
4,5 The literature suggests that every
100g increase in maternal birthweight leads to a
10–20g gain in offspring birthweight.
6–14 Paternal
birthweight has also been associated with offspring
birthweight, but this association is not as strong as
for maternal birthweight.
9,10,15–18
Fewer studies are available on the effect of parental
post-natal growth on birthweight. Two reports from
the UK have assessed the effects of leg length, a proxy
for childhood nutritional status. Martin et al.
14
observed that maternal height and leg length in child-
hood were positively associated with offspring birth-
weight, whereas Lawlor et al.
19 reported that maternal
leg length in adulthood was positively associated with
offspring birthweight regardless of maternal birth-
weight. Hyppo ¨nen et al.
10 used data from three gen-
erations of the 1958 British National Cohort and
reported that maternal height at age 7 years, but
not body mass index, was associated with offspring
birthweight. A joint analysis of four cohorts from low-
and middle-income countries, including our own,
showed that maternal weight and height for age at
around 2 years of age are positively associated with
offspring birthweight.
6 To our knowledge, no previous
studies have assessed the associations of parental
size or weight gain at different ages on offspring
birthweight.
In developed countries, most small for gestational
age (SGA) infants catch up in growth during the
first years of life,
20 whereas in developing countries
this is not as common.
1,21 Catch up has clear short-
term benefits, including lower mortality and fewer
hospital admissions.
22 Higher systolic blood pressure
has been reported among subjects who were lighter at
birth and showed rapid weight gain after 4 years of
age.
23 Insulin resistance
24 and endothelial dysfunc-
tion
25 have also been reported to be related to rapid
growth. This conflict between a positive effect of
catch-up on child health and a detrimental one on
adult health was described as ‘the catch-up
dilemma’.
26 More recent evidence suggests that the
period when rapid weight gain occurs is important,
because weight gain in the first 1–2 years of life
may have beneficial effects whereas later weight
gain is associated with higher risk of obesity and
chronic diseases.
6,27–29
The present study was aimed at assessing the asso-
ciation between rapid weight gain in different age
ranges in early childhood and offspring birthweight.
We also investigate possible interactions between par-
ental weight gain and intrauterine growth restriction
(IUGR) or stunting.
Methods
All 6011 hospital births occurring during the calendar
year 1982 were identified in Pelotas, Brazil (current
population 320000) by the research team. The 5914
liveborns were examined and their mothers inter-
viewed. Birthweight was recorded by the maternity
hospital staff using calibrated scales; low birthweight
was defined as <2500g. Gestational age was calcu-
lated according to the recalled date of the mother’s
last menstrual period, and preterm birth was defined
as gestational age <37 weeks. Children whose birth-
weight was below the 10th centile for gestational age
and sex, according to the reference developed by
Williams et al,
30 were classified as having IUGR.
In 1984 (mean age 20 months) and 1986 (mean
age 42 months) all households in the city were
visited in search of cohort children; 87 and 84% of
the original cohort were located, respectively.
Standardized interviews were carried out in each
round and children were weighed using a portable
spring scale with an accuracy of  100g and had
their length (1984) and height (1986) measured
with a portable stadiometer.
From October 2004 to August 2005, we visited all
households located in urban area of the city. For
those who had not been located and were not
known to have died, we used the last known address
and existing databases (including universities, sec-
ondary schools and telephone directories) for another
attempt. Subjects answered a questionnaire on socio-
demographic, health and behavioural variables, as
well as on whether they had had any children and
birthweight of all children. In the present study, we
used information from the first live-born child.
Further details on the methodology of the study are
available elsewhere.
31
Because the ages of children seen at a given follow-
up visit varied slightly, we used Z-scores of weight for
age and sex, using the 2006 WHO growth standards.
32
Stunting (low height for age) and underweight
(low weight for age) were defined by using the –2
Z-score cut-off. Birthweight for gestational age Z-
scores were also calculated. As Williams et al.
30 did
not provide the mean birthweight and standard
deviation for each gestational age and sex group,
the 50th centile was used as the mean birthweight,
and the standard deviation was estimated by sub-
tracting the 10th from the 50th centile and dividing
by 1.28.
Mean offspring birthweight for different groups was
compared using analysis of variance. Analysis of co-
variance (ANCOVA) was used to adjust for possible
confounding variables, testing for heterogeneity
and linear trend. The multivariable analysis was
based on a conceptual model with three levels of
determination: (i) socio-economic and demographic
variables (family income at delivery, maternal school-
ing and maternal skin colour); (ii) birth condition
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growth); and (iii) nutritional status in childhood
(height and weight/height Z-score). Because family
income and maternal schooling are highly collinear,
the latter was not included in the model that assessed
the adjusted effect of family income. However, when
assessing the effect of variables located in the other
levels, all variables from the first level (maternal
schooling, family income and maternal skin colour)
were included in the model.
The analyses took into account the correlation
between weight gain in subsequent age ranges, as
well as regression to the mean, by using conditional
growth modelling.
33,34 First, birthweight for gesta-
tional Z-score was used to predict weight for age
Z-score at 20 months; the residual or difference
between actual and predicted weight Z-score, for
each child, was calculated. The regression equation
that assessed the effect of weight gain in the first
20 months on offspring birthweight included parental
birthweight and this residual. Next, weight for age
Z-score at 42 months was predicted from both birth-
weight and weight for age Z-score at 20 months; the
equation for offspring birthweight included parental
birthweight, the weight residual at 20 months and the
weight residual at 42 months.
The following variables were also included in the
analyses as potential confounders:
  family income at delivery: total income earned by
family members during the month before the
interview;
  parental schooling at delivery: years of schooling
completed with success;
  maternal smoking during pregnancy (non-smokers,
0–14 or 15 cigarettes or more per day);
  breastfeeding duration: the age at which breast-
feeding stopped completely.
Separate analyses were carried out for women and
for men who had fathered a child by the 2004–05
visit. One does not expect the post-natal growth in
males to affect offspring birthweight; their inclusion
in the analyses is aimed at testing the specificity of
findings relative to the growth of young women, thus
contributing to rule out confounding effects.
The confidentiality of all information was ensured
and informed consent was obtained in all phases of
the study (verbal consent in the 1980s and written
consent in 2000). The Medical Ethics Committee of
the University of Pelotas, affiliated with the
Brazilian Medical Research Council, approved the
study protocol.
Results
In the 2004–05 follow-up visit, 4297 subjects were
interviewed. Added to the 282 known to have died,
they represented a follow-up rate of 77.4%. Table 1
shows that follow-up rates were independent of
birthweight, sex and maternal skin colour. On the
other hand, children born at either the upper or
lower ends of family income distribution and those
whose mother had 512 years of schooling were less
likely to be traced in adulthood. At the 2004–05 visit,
848 women had already delivered a child, and 525
men were fathers. All analyses are restricted to
these subgroups, who were considerably poorer than
the cohort as a whole because early parenthood is
associated with low socio-economic position (data
not shown).
In 1982, the prevalence of low birthweight, preterm
delivery and SGA among parous women were 8.0, 4.1
and 16.7%, respectively. About 16% of the women
were stunted at 20 and 42 months of age. Offspring
birthweight was positively associated with family
income and maternal birthweight. After controlling
for socio-economic status, the offspring of IUGR
women were 252g lighter than those whose birth-
weight for gestational age was above the Williams
mean curve. Maternal stunting at 20 months was
also associated with a lower birthweight in the next
generation, even after controlling for confounding by
socio-economic status and maternal birth conditions.
Table 1 Percentage of cohort located in 2004–05 according
to socio-economic and demographic variables
Variable
Original cohort
(number)
a Percent located
b
2004—05 (%)
Sex
Boys 3037 78
Girls 2876 77
Birthweight (g)
<2500 534 77
52500 5375 78
Monthly family income (US$)
450 1288 75
51–150 2789 81
151–300 1091 76
301–500 382 68
4500 335 74
Maternal schooling (years)
0–4 1960 78
5–8 2454 79
9–11 654 76
512 839 71
Maternal skin colour
White 4851 77
Black 1060 80
Total 5914
a 77.4
aUp to 29 subjects had missing information in baseline
variables.
bIncludes subjects interviewed as well as those who are known
to have died.
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weight in the childhood were not associated with off-
spring birthweight (Table 2).
The association between maternal family income—
measured at birth—and offspring birthweight was
largely mediated through intrauterine growth
retardation and stunting in childhood. After control-
ling for maternal intrauterine growth and length for
age Z-score at 20 months, the mean difference
between the third and the first tertile of family
income was reduced from 142 to 34g [95% confidence
interval (CI): –97 to 165).
Table 2 Offspring birthweight according to maternal socio-economic status, birth condition and nutritional status in
childhood
Offspring birthweight
Mean (95% CI)
Maternal variables in childhood n (%) Crude Adjusted
Monthly family income in tertiles P¼0.002  P¼0.007 ,
@
1st tertile 375 (44.2) 3025 (2968–3082) 3029 (2970–3087)
2nd tertile 309 (36.4) 3118 (3056–3180) 3114 (3051–3177)
3rd tertile 164 (19.3) 3175 (3092–3259) 3171 (3085–3257)
Birthweight (g) P<0.001  P<0.001 ,
x
<2500 68 (8.0) 2958 (2817–3098) 2962 (2817–3106)
2500–2999 263 (31.1) 2971 (2907–3034) 2966 (2880–3053)
3000–3499 307 (36.2) 3116 (3051–3180) 3110 (3029–3192)
53500 209 (24.7) 3238 (3166–3310) 3225 (3133–3318)
Gestational age (weeks) P¼0.95
# P¼0.89
#,x
<37 26 (4.1) 3126 (2878–3374) 3130 (2907–3353)
537 605 (95.9) 3119 (3075–3163) 3115 (3040–3189)
Birthweight for gestational age Z-score P<0.001  P<0.001 ,
x
< 1.28 105 (16.7) 2949 (2857–3042) 2952 (2831–3072)
 1.28 to 0 300 (47.8) 3109 (3045–3173) 3107 (3020–3194)
40 224 (35.6) 3215 (3141–3288) 3204 (3111–3297)
Length for age Z-score at mean age of 20 months P<0.001  P¼0.02
#,t  
4 2 129 (16.6) 2882 (2791–2973) 2940 (2779–3100)
 1.99 to  1 223 (28.7) 3102 (3033–3171) 3137 (2979–3296)
4 1 424 (54.6) 3148 (3093–3203) 3129 (2980–3278)
Weight for age Z-score at mean age of 20 months P<0.001  P¼0.06 ,t  
4 2 33 (4.3) 2826 (2618–3033) 2891 (2609–3172)
 1.99 to  1 92 (11.9) 2956 (2841–3072) 3001 (2821–3181)
4 1 649 (83.9) 3122 (3079–3165) 3101 (2960–3243)
Height for age Z-score at mean age of 42 months P¼0.001  P¼0.13 ,
t  
4 2 113 (15.1) 2953 (2853–3052) 3017 (2823–3211)
 1.99 to  1 252 (33.6) 3050 (2984–3116) 3061 (2889–3232)
4 1 385 (51.3) 3149 (3090–3208) 3125 (2950–3299)
Weight for age Z-score at mean age of 42 months P¼0.02  P¼0.16 ,t  
4 2 30 (4.0) 2927 (2699–3154) 3064 (2802–3325)
 1.99 to  1 118 (15.7) 2958 (2860–3056) 2992 (2819–3166)
4 1 602 (80.3) 3119 (3074–3165) 3121 (2980–3261)
Total 848
 Test for linear trend.
#Test for heterogeneity.
@Adjusted for maternal skin colour.
xAdjusted for maternal skin colour, maternal schooling and family income at delivery.
t  Adjusted for maternal skin colour, maternal schooling and family income at delivery, birthweight and gestational age.
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variables were not related to birthweight in the next
generation (Table 3).
Table 4 shows the results of conditional growth
modelling. Weight gain is expressed in Z-scores of
the difference between actual weight and that
predicted from earlier weights. Women whose
weight gain in the first 20 months of life was faster
than predicted had heavier babies, whereas paternal
growth showed no such effect. No associations were
observed between weight gain from 20 to 42 months
for either mothers or fathers. In Figure 1, the same
Table 3 Offspring birthweight according to paternal socio-economic status, birth condition and nutritional status in
childhood
Offspring birthweight
Mean (95% CI)
Paternal variables in childhood n (%) Crude Adjusted
Monthly family income in tertiles P¼0.40
# P¼0.36 ,
@
1st tertile 226 (43.0) 3144 (3050–3238) 3116 (3024–3209)
2nd tertile 211 (40.2) 3208 (3116–3300) 3130 (3020–3241)
3rd tertile 88 (16.8) 3101 (2971–3231) 3018 (2862–3174)
Birthweight (g) P¼0.36
# P¼0.33
#,x
<2500 32 (6.1) 3279 (2988–3570) 3230 (2983–3477)
2500–2999 115 (21.9) 3122 (2994–3250) 3046 (2887–3206)
3000–3499 206 (39.2) 3121 (3030–3211) 3071 (2942–3200)
53500 172 (32.8) 3215 (3114–3316) 3155 (3014–3295)
Gestational age (weeks) P¼0.25
# P¼0.29
#,x
<37 18 (4.5) 2985 (2582–3388) 2916 (2593–3239)
537 378 (95.5) 3168 (3099–3237) 3083 (2953–3214)
Weight for gestational age Z-score P¼0.17  P¼0.10 ,
x
< 1.28 75 (18.9) 3122 (2960–3284) 3021 (2818–3224)
 1.28 to 0 178 (44.9) 3111 (3012–3211) 3031 (2886–3176)
40 143 (36.1) 3233 (3117–3348) 3160 (3001–3319)
Length for age Z-score at mean age of 20 months P¼0.02
# P¼0.21
#,t  
4 2 89(18.6) 3176(3035–3316) 3006 (2756–3256)
 1.99 to  1 147 (30.8) 3045 (2923–3167) 2891 (2664–3119)
4 1 242 (50.6) 3238 (3158–3318) 3040 (2826–3254)
Weight for age Z-score at mean age of 20 months P¼0.84
# P¼0.67 ,t  
4 2 19 (4.0) 3097 (2704–3490) 3128 (2683–3574)
 1.99 to  1 51 (10.7) 3206 (2947–3464) 2960 (2654–3265)
4 1 408 (85.4) 3165 (3101–3228) 2978 (2773–3182)
Height for age Z-score at mean age of 42 months P¼0.03  P¼0.05
#,t  
4 2 61 (13.0) 3084 (2901–3268) 2890 (2590–3190)
 1.99 to  1 135 (28.8) 3068 (2939–3197) 2800 (2600–3041)
4 1 273 (58.2) 3231 (3153–3309) 3015 (2835–3233)
Weight for age Z-score at mean age of 42 months P¼0.64  P¼0.52 ,t  
4 2 11 (2.4) 3088 (2708–3469) 3065 (2448–3683)
 1.99 to  1 63 (13.5) 3138 (2931–3346) 2980 (2706–3254)
4 1 394 (84.2) 3170 (3102–3238) 2923 (2704–3142)
Total 525
 
Test for linear trend.
#Test for heterogeneity.
@Adjusted for maternal skin colour.
xAdjusted for maternal skin colour, maternal schooling and family income at delivery.
t  Adjusted for maternal skin colour, maternal schooling and family income at delivery, birthweight and gestational age.
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equation predicted the weight in kilograms instead
of weight for age Z-score. Women whose attained
weight was 41kg below what would be predicted
delivered babies who were on average 176g lighter
than those whose attained weight was 41kg above
the prediction.
Table 5 shows that the effect of maternal weight
gain in the first 20 months of life was strongest
among women whose birthweight for gestational
age Z-score was in the lower tertile (regression coeffi-
cient 126.9; 95% CI: 52.1–201.8), that is, those who
showed catch-up growth. No associations were found
for weight gain between 20 and 42 months.
Figure 1 Next-generation birthweight according to parental weight gain from birth to 20 months. Adjusted for family
income, maternal schooling, maternal smoking during pregnancy, breastfeeding duration and birthweight
 Indicates test for linear trend
Table 5 Conditional growth analyses of next-generation birthweight according to maternal weight gain in childhood, by
maternal birthweight for gestational age Z-score
Regression coefficient for next-generation birthweight (g) and 95% CI
Maternal birthweight for gestational age Z-score
1st tertile 2nd tertile 3rd tertile
Weight gain from birth to P¼0.001
& P¼0.52
& P¼0.06
&
mean age of 20 months (Z-score) 126.9 (52.1 to 201.8)  35.8 ( 144.9 to 73.4) 81.6 ( 1.7 to 164.8)
Weight gain from mean age of 20 to P¼0.36
$ P¼0.85
$ P¼0.42
$
43 months (Z-score) 33.8 ( 39.3 to 106.8) 10.0 ( 96.6 to 116.6)  32.2 ( 110.7 to 46.3)
#Adjusted for birthweight, family income, maternal schooling, maternal smoking during pregnancy and breastfeeding duration.
&Also adjusted for birthweight.
$Also adjusted for birthweight and weight residual at 20 months.
Table 4 Conditional growth analyses of next-generation birthweight according to parental weight gain in childhood
Regression coefficient for next-generation birthweight (g) and 95% CI
Mother Father
Crude Adjusted
# Crude Adjusted
#
Weight at 20 months minus P¼0.01
& P¼0.02
& P¼0.37
& P¼0.33
&
predicted weight (Z-score) 63.2 (15.0 to 111.4) 61.8 (11.2–112.4) 34.4 ( 41.5 to 110.3) 36.8 ( 39.7 to 113.3)
Weight at 42 months minus P¼0.93
$ P¼0.86
$ P¼0.64
$ P¼0.62
$
predicted weight (Z-score) 2.2 ( 45.8 to 50.2)  4.4 ( 52.7 to 43.9) 17.6 ( 57.3 to 92.5) 19.0 ( 56.1 to 94.1)
#Adjusted for family income, maternal schooling, maternal smoking during pregnancy and breastfeeding duration.
&Also adjusted for birthweight.
$Also adjusted for birthweight and weight residual at 20 months.
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20 and 42 months (data not shown).
Independent of the length-for-age Z-score at 20
months of age, maternal weight gain from 20 to
42 months was not associated with offspring birth-
weight. Similar results were observed when the ana-
lysis was stratified according to weight/length Z-score
at 20 months (data not shown).
Discussion
The prospective nature of the study, its population
basis and the use of standardized methods for anthro-
pometric evaluation in infancy reduced the likelihood
of selection and information bias. Possible confound-
ing factors were also measured in childhood. On the
other hand, we relied on parental recall of the off-
spring birthweight, but previous studies in the city
showed that recall was reasonably accurate, with
about 80% of the mothers recalling the birthweight
of their child within 100g of the real value.
35 This
study also reported that recall was not related to
family socio-economic status. Information bias
would only affect our results if there was differential
recall of birthweight according to parental birthweight
or catch-up growth in early childhood. Furthermore,
as previously described, our sample was poorer than
the whole cohort. Because the effect of weight gain in
childhood was similar among socio-economic cate-
gories, we do not believe that our results were
biased because fertility was higher among low-
income cohort members.
Concerning the intergenerational effect of maternal
birthweight, the consistency with previous studies
6–14
and the dose–response effect support the hypothesis
of a causal association. This is reinforced by the spe-
cificity of the association, as paternal birthweight did
not have an effect on the offspring.
The literature is scarce in relation to associations
between parental nutritional status and offspring
birthweight.
6 To our knowledge, no studies investi-
gated whether nutritional status or weight gain in
different ages in childhood had similar effects on off-
spring birthweight. This is the main contribution of
the present analyses. Our findings were specific for
mothers, and an effect was detected at 20 but not
at 42 months. Being heavier or taller at the age of
20 months, or gaining weight rapidly from birth to
this age, was associated with higher birthweight in
the next generation. The use of conditional growth
models took into account the association between
weight gain in subsequent age ranges, a problem
that affects many studies of the long-term conse-
quences of childhood growth. This finding reinforces
the other beneficial effects of weight gain in the first
2 years of life in low- and middle-income countries.
6
The classic use of the term ‘catch-up growth’ implies
that the infant or child presents accelerated rates of
growth following a period of growth failure.
36
Nevertheless, this term has been frequently defined
in reviews and research reports as weight or length
gain above a certain parameter, independent from
nutritional status at the beginning of the period.
5
Most studies, therefore, have failed to separate the
effects of catch-up growth from those of rapid
growth per se. We were able to assess catch-up by
stratifying the analysis according to birthweight-for-
gestational age Z-score; and observed that the most
marked effect of early weight gain occurred for
mothers in the lowest tertile of birthweight for gesta-
tional age. On the other hand, there was no difference
in the effect of weight gain from 20 to 42 months on
offspring birthweight according to maternal stunting
at 20 months.
Because the association between maternal weight
gain in childhood and offspring birthweight, among
those mothers whose birthweight was in the lowest
tertile, persisted after controlling for maternal height,
body mass index and parity (regression coefficient
102.0; 95% CI: 21.4–182.7), our results suggest that
the effect of catch-up growth is not mediated by
maternal size in adulthood or parity. There is some
evidence that growth in early childhood is positively
associated with vascular function.
37,38 Therefore,
weight gain in the first 2 years of life would influence
vascularization of the mother’s placenta, increasing
offspring birthweight. A more plausible explanation
concerns the size of the reproductive tract. Ibanez
39
reported that uterine size is reduced in girls
who are born small; hence, they may exert greater
maternal constraint when they in turn become
pregnant.
Previous analyses of our cohort data show that rapid
weight gain in the first 2 years of life has short-term
benefits on morbidity and mortality.
22 A recent set of
analyses from five low- and middle-income country
cohorts, including our own,
6 confirmed the associa-
tions between early nutritional status and human
capital outcomes, and the importance of the critical
growth window from conception to 2 years of life.
This review also suggested that weight gain in later
childhood may have more harmful than beneficial
effects.
6 Our results confirm these findings, showing
for the first time that weight gain in the first 2 years,
but not from 2 to 4 years, is associated with birth-
weight of the offspring. The prevention of early
undernutrition is a valuable investment that will
influence future generations as well as the present
one.
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